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DEVICE FOR A DRIVETRAIN OF A HYBRID
VEHICLE, DRIVETRAIN AND METHOD
FOR OPERATING THE SAME

This application 1s a divisional of U.S. patent application
Ser. No. 13/654.459 filed Oct. 18, 2012, which claims

priority from German patent application serial no. 10 2011
085 199.2 filed Oct. 26, 2011.

FIELD OF THE INVENTION

The invention relates to a device for a drive train of a
hybrid vehicle, a drive train of a hybrid vehicle having such
a device and methods for the operation thereof.

BACKGROUND OF THE INVENTION

A drive train of a hybnd vehicle 1s known from the
document DE 10 2006 059 391 Al, the drive assembly of
which 1s formed as a hybrid drive and comprises an internal
combustion engine and an electric machine. The drive train
known from prior art comprises, in addition to the hybnd
drive, a transmission having two subtransmissions con-
nected 1n parallel, wherein the transmission comprises two
transmission input shafts and one transmission output shatt.
The drive train known from prior art further comprises a
device which 1s used to connect the electric machine of the
hybrid drive to the transmission, wherein this device com-
prises a planetary gear set which has a carrier, a sun gear and
a ring gear as elements. The electric machine of the hybnd
drive 1s 1n fixed connection to an element of the planetary
gear set, namely to the sun gear, wherein a second element
of the planetary gear set, namely a carrier thereof, 1s 1n fixed
connection to a first transmission put shaft of a first
subtransmission of the transmission. A third element of the
planetary gear set, namely the ring gear thereot, 1s 1 fixed
connection to a second transmission input shaft of a second
subtransmission ol the transmission, wherein further the
internal combustion engine of the hybnd drive can be
coupled, via a separating clutch, to this second transmission
input shait. With such a drive train, a defined functional
scope can be provided for a hybrid vehicle. There 1s a need
for a drive train of a hybrid vehicle and for a device for such
a drive train of a hybrid vehicle, using which the functional
scope of a hybnid vehicle can be expanded.

SUMMARY OF THE INVENTION

Proceeding from this background, the problem solved by
the present invention 1s to create a novel device for a drive
train of a hybrid vehicle and a novel drive train and methods
for the operation thereof.

This problem 1s solved according to a first aspect of the
invention by a device that comprises a planetary gear set
having the elements of a carrier, sun gear and ring gear,
wherein a {first element of these elements of the planetary
gear set serves for the fixed connection to a first transmission
input shaft of a first subtransmission of a transmission, and
wherein a second element of these elements of the planetary
gear set serves for the fixed connection to an electric
machine of a hybrid drive. Furthermore according to this,
the device comprises a {irst shift element via which a third
clement of these elements of the planetary gear set in a {irst
shift position of the first shiit element can be coupled to a
second transmission mput shait of a second subtransmission
of the transmission, to which further an internal combustion
engine of the hybrid drive can be connected, and 1n a second
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shift position of the first shift element can be coupled to
another of the elements of the planetary gear set, and a
second shift element by means of which with an engaged
second shift element both transmission mnput shafts of both
subtransmissions can be coupled to each other, and with a
disengaged second shift element both of the transmission
input shafts of the two subtransmissions can be separated
from each other.

This problem 1s solved according to a second aspect of the
invention by a device that comprises a planetary gear set
having the elements of a carrier, sun gear and ring gear,
wherein a first element of these elements of the planetary
gear set serves for the fixed connection to a first transmission
input shatt of a first subtransmaission of a transmission, and
wherein a second element of the elements of the planetary
gear set serves for the fixed connection to a second trans-
mission input shait of a second subtransmission of the
transmission, to which further an internal combustion engine
of the hybrid drive can be coupled. Further, accordingly, the
device comprises a first shift element by means of which an
clectric machine of a hybrid drive 1n a first shift position of
the first shift element can be coupled to a third element of
these elements of the planetary gear set, and 1n a second shiit
position of the first shift element can be coupled to the first
transmission nput shaft of the first subtransmission, and a
second shift element by means of which, with an engaged
second shift element, both transmission input shafts of the
two subtransmissions can be coupled to each other, and with
a disengaged second shift element, both the transmission
input shafts of the two subtransmissions can be separated
from each other.

Both aspects of the invention allow a change, or a shilit,
between an EDS operating mode, or an operating mode of
an electrodynamic drive system, and an ISG operating
mode, or an operating mode of an integrated starter genera-
tor, wherein in the EDS operating mode the planetary gear
set serves respectively as a superposition transmission.
According to the first aspect of the invention, i ISG
operating mode the planetary gear set 1s bypassed in block
rotation as a whole, whereas 1n contrast according to the
second aspect of the invention, 1n ISG operating mode the
planetary gear set runs idle or without torque. The devices

according to the first aspect and the second aspect of the
invention allow an expansion of the functional scope of a

hybrid vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred further developments of the invention waill
become apparent from the description that follows. Embodi-
ments of the invention are explained 1n greater detail with
reference to the drawings, without being limited thereto. The
figures show:

FIG. 1 a diagram of a dnive train according to the
invention with a device according to the invention according
to a first example embodiment of the first aspect of the
invention;

FIG. 2 a diagram of a dnive train according to the
invention with a device according to the invention according
to a second example embodiment of the first aspect of the
invention;

FIG. 3 a diagram of a dnive train according to the
invention with a device according to the invention according
to a third example embodiment of the first aspect of the
invention;
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FIG. 4 a diagram of a drive train according to the
invention with a device according to the invention according
to a fourth example embodiment of the first aspect of the
invention;

FIG. 5 a diagram of a drive train according to the
invention with a device according to the invention according
to a {ifth example embodiment of the first aspect of the
imnvention;

FIG. 6 a diagram of a drive tramn according to the
invention with a device according to the invention according
to a sixth example embodiment of the first aspect of the
invention;

FIG. 7 a diagram of a drive tramn according to the
invention with a device according to the invention according
to a seventh example embodiment of the first aspect of the

invention; and
FIG. 8 a diagram of a drive tramn according to the

invention with a device according to the invention according
to an example embodiment of the second aspect of the
invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

FIG. 1 shows a preferred example embodiment of a drive
train of a hybrid drive, wherein the drive train of FIG. 1
comprises a hybrid drive that 1s provided with an internal
combustion engine 1 and an electric machine 2. The drive
train of FIG. 1 further comprises a transmission 3 having to
two subtransmissions 4 and 5 connected 1n parallel to each
other, wherein 1n the example embodiment of FIG. 1 the first
subtransmission 4 provides the forward gears <17, 37, ©“5”
and 77 and wherein the second subtransmission 5 provides
the forward gears “2”, “4” and “6” and the reverse gear “R”.

The transmission 3 shown as an example 1n FIG. 1 with
the two subtransmissions 4 and 5 1s a seven-speed double
clutch transmission. This transmission 1s however not man-
datory for the mvention. Other transmissions having two
subtransmissions connected 1n parallel can also be used.

The transmission 3 comprises two transmission input
shafts 6 and 7, namely a first transmission input shait 6
interacting with the first subtransmission 4 and a second
transmission input shait 7 interacting with the second sub-
transmission 5. The first transmission input shaft 6 in the
example embodiment shown 1s implemented as a hollow
shaft, in which the second transmission 1nput shait 7 passes.
In addition, the transmission 3 has a single transmission
output shait 15.

The drive train of FIG. 1 comprises a device for connect-
ing the electric machine 2 to the transmission 3, wherein the
device has at least one planetary gear set 8 with the three
clements, or the three shafts, carrier 9, sun gear 10 and ring
gear 11.

A first element of the three elements 9, 10 and 11 of the
planetary gear set 8, the carrier 9 1n the example embodi-
ment shown of FIG. 1, serves according to a first aspect of
the invention for the fixed connection to the first transmis-
sion 1nput shait 6 of the first subtransmission 4 of the
transmission 3. Accordingly, in the drive train of FIG. 1, the
first transmission input shaft 6 of the first subtransmission 4
1s 1n {ixed connection to the carrier 9 of the planetary gear
set 8.

A second element of the elements 9, 10 and 11 of the
planetary gear set 8 serves according to the first aspect of the
invention for the fixed connection to the electric machine 2
of the hybnid drive, wherein 1n FIG. 1 this second element
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4

of the planetary gear set 8 1s the sun gear 10. Accordingly,
in FIG. 1, the electric machine 2 1s 1n fixed connection to the
sun gear 10.

In addition to the planetary gear set 8, the device of the
drive train of FIG. 1 comprises a {irst shift element 12 having
at least two shift positions A and B, wherein according to the
first aspect of the mvention 1n the first shift position A of the
first shift element 12 a third element of the elements 9, 1
and 11 of the planetary gear set 8, namely in FIG. 1 the ring
gear 11, 1s coupled to the second transmission input shatt 7
of the second subtransmission 5 of the transmission 3, and
wherein 1n a second shift position B of the first shift element
12, the third element of the planetary gear set 8, namely 1n
FIG. 1 the ring gear 11 thereol, 1s coupled to another of the
clements of the planetary gear set 8, namely in FIG. 1 to the
sun gear 10 thereof.

According to an advantageous further development of the
invention, the first shift element 12, 1in addition to the two
engaged shift positions A and B, further comprises a third,
disengaged shiit position 1n which the third element of the
planetary gear set 8, namely the ring gear 11 1 FIG. 1, can
rotate freely.

In addition, the device of the drive train of FIG. 1
comprises a second shift element 13, wherein the second
shift element 13 has a first, engaged shift position C and a
second, disengaged shift position. With the second shift
clement 13 engaged, the two transmission input shafts 6 and
7 of the two subtransmissions 4 and 5 are coupled together,
such that they have forced equal rotational speeds. With the
second shift element 13 engaged, the first element of the
planetary gear set 8, mn FIG. 1 the carrier 9 thereof, 1s
connected both to the first transmission input shait and to the
second transmission 1put shait 7 of the two subtransmis-
sions 4 and 5 of the transmission 3. With the second shiift
clement 13 disengaged, both transmission 1nput shaits 6 and
7 of the subtransmissions 4 and 5 are separated from each
other such that there 1s no forced equal rotational speed of
the shafts.

Accordingly, in the disengaged position of the second
shift element 13, the first element of the planetary gear set
8, namely in FIG. 1 the carrier 9, 1s coupled only to the first
transmission input shait 6 of the first subtransmission 4.

Furthermore the drive train of FIG. 1 comprises a sepa-
rating clutch 14, wherein the separating clutch 14 1s an
optional assembly. The internal combustion engine 1 can be
coupled to, as well as decoupled from, the second transmis-
sion 1nput shait 7 of the second subtransmission 3 of the
transmission 3 via the separating clutch 14.

FIG. 2 shows a variant embodiment of the mvention 1n
which there 1s no separating clutch 14, but which with
respect to the remaining details however coincides with the
example embodiment of FIG. 1. Accordingly, 1n FIG. 2 the
internal combustion engine 1 i1s coupled without a clutch to
the second transmission input shaft 7 of the second sub-
transmission 3.

If the separating clutch 14 1s present, with the separating,
clutch 14 disengaged the electric machine 2 can also use the
gears of the second subtransmission 5 for purely electric
travel.

If 1n contrast, the separating clutch 14 1s not present as 1s
shown 1n FIG. 2, then the electric machine 2 can use only the
gears of the first subtransmission 4 for purely electric travel
with a disengaged internal combustion engine 1.

I1 the first shift element 12 of FIG. 1 15 1n the first shift
position A, the planetary gear set 8 acts as a superposition
transmission in an EDS operating mode, or an operating
mode of an electrodynamic drive system.
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With the engaged shiit position A of the first shift element
12, with an engaged separating clutch 14 for example, with
a gear engaged in the first subtransmission 4 and with the
second subtransmission 5 1n neutral, a startup can be per-
formed electrodynamically 1n the EDS operating mode, thus
with generator operation of the electric machine 2 1n order
to more strongly charge an electric energy store. In this case,
the second shiit element 13 serves as a bypass shift element
alter completing the startup operation such that the planetary
gear set 8 can be brought into block rotation as a whole.

Furthermore, 1f the first shift element 12 takes on the first
shift position A, power shifting can be performed at the drive
train with speed superimposition of the internal combustion
engine 1 and the electric machine 2. Thus, the electric
machine 2 can support torque of the internal combustion
engine 1 at the planetary gear set 8 with variable speed. The
internal combustion engine 1 and the electric machine 2 then
act together on the transmission output shaft 15, the electric

machine 2 can be operated either as a motor or generator.

If the second shift element 12 of FIG. 1 takes on the
second shift position B, according to the first aspect of the
invention the planetary gear set 8 1s bypassed 1mn an ISG
operating mode, or an operating mode of an integrated
starter generator 1 block rotation as a whole.

With an engaged shift position B of the first shift element
12, using an electric machine 2 operating as a motor, a
purely electric start up can then be performed, namely with
strong discharging of an electric energy store. Here, the
planetary gear set 8 does not act as a constant transmission
rat10, because 1t 1s bypassed. Therelore, energy losses due to
rolling motion 1n the planetary gear set 8 can be avoided, as
can excessive speed at the electric machine 2.

Furthermore, 1n the engaged shiit position B of the first
shift element 12, power shifting can be performed 1n which
the electric machine 2 provides torque at the output during,
the shifting by discharging an electric energy store. In this
case, the imnternal combustion engine 1 does not contribute to
the output torque at the transmission output shaft 15.

A shifting strategy for the first shift element 12 provides
that when the hybrid vehicle 1s at a standstill or traveling at
low travel speed, the first shift element 12 1s engaged 1n, or
takes on, shift position B, when the charge state of an electric
energy store, acting together with the electric machine 2, 1s
greater than a defined limit value. This defined limit value
for the charge state of the electric energy store 1s selected
preferably such that purely electric travel 1s possible from
standstill with the electric machine 2 operating as a motor,
and with a first shift element 12 1n the second shift position
B.

If the charge state of the electric energy store 1s less than
the limit value, the first shift element 12 1s engaged in, or
takes on, shift position A 1n order to start up, electrodynami-
cally, free of wear, in generator operation of the electric
machine 2 even at low charge states of the electric energy
store.

The shift position B can also be selected at the first shift
clement 12 when travel 1s to be purely electric with a
switched-ofl internal combustion engine 1. In this case, the
gears ol the second subtransmission 5 are available for the
internal combustion engine 1 for the startup thereof.

Furthermore, the shift position B 1s selected at the first
shift element 12, preferably during braking via the electric
machine 2, thus during regeneration, so that the internal
combustion engine 1 can be decoupled and switched off,
namely by disengaging the separating clutch 14 and switch-
ing ofl the internal combustion engine 1.
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The shift position A for the first shift element 12 1s
selected 1n particular with implementation of power shifting
in the hybrid operation of the drive train, namely 1n particu-
lar when a less powerful electric machine 1s used as the
clectric machine 2. When the shift position A 1s engaged at
the first shift element 12, greater drive torque can be
provided at the transmission output shait 15 when shifting,
because the internal combustion engine 1 can continuously
provide power via the planetary gear set 8. In contrast in
shift position B, the electric machine 2 alone must maintain
the tractive force of the transmission output shait 15. Fur-
ther, i shift position A 1s selected for the first shift element
12, the internal combustion engine 1 has a uniform torque
progression while performing power shifting using the plan-
ctary gear set 8, whereby emissions can be reduced. When
the shift position B 1s engaged at the first shift element 12,
while performing power shifting there 1s a load reduction at
the internal combustion engine 1 and subsequently after
performing the power shift a load 1ncrease, whereby higher
emissions can result.

When the first shuft element 12 in addition to the shift
position A and the shift position B also has a third shiit
position in which the third element of the planetary gear set
8, namely 1n FIG. 1 the ring gear 12, can rotate freely, then
this third shift position is selected at the first shift element 12
in particular at a constant travel speed of the hybrid vehicle,
thus when little generator-produced energy i1s required,
because 1n this shift position the electric machine 2 can be
decoupled for avoiding no-load losses and can be placed at
standstill. Furthermore this third shift position of the first
shift element 12 can be selected 1n the case of a failure of the
electric machine, so that in the case of a failure drive
operation 1s possible using only the internal combustion
engine 1.

Further special features of the drive train of FIG. 1 consist
in that the first subtransmission 4 can always be synchro-
nized using a speed-regulated electric machine 2, either
directly 1n shift position B of the first shift element 12, or
indirectly using the planetary gear set 8 in the shift position
A of the first shift element 12.

The second subtransmission 3 1s either synchromzed with
a disengaged separating clutch 14 and a disengaged second
shift element 13 by synchronization in the transmission 3, or
by a speed-regulation of the internal combustion engine 1
with at least partial engagement of the separating clutch 14
with a disengaged second shift element 13, or with power
shifting 1n EDS operating mode by a speed-regulation of the
clectric machine 2.

In the example embodiment shown 1n FI1G. 1, the first shift
clement 12 1s built as a form-locking shift element, just as
the second shiit element 13 1s built as a form-locking shift
clement. The separating clutch 14 1n FIG. 1 1s designed as
a Irictionally engaging separating clutch.

It 1s pointed out here that the separating clutch 14, which
as already mentioned i1s an optional assembly, can also be
built as a form-locking dog clutch for reasons ol construc-
tion space and cost. In this case, an electrodynamic startup
with an engaged shift position B of the first shift element 12
1s nevertheless possible, because 1n this case the separating
clutch 14 1s engaged anyway.

A purely 1mternal combustion engine driven startup with-
out the electric machine 2 and disengagement of the drive
train under load, for example with a complete braking of the
drive train, 1s however possible only 11 the separating clutch
14 1s designed as a frictionally engaging clutch.

Betfore describing preferred methods for operating the
drive train or a device of such a drive train, the variants of
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the first aspect of the invention will be described with
reference to FIG. 2 to FIG. 7.

As already explained, FIG. 2 shows a varniant of FIG. 1 1n
which there 1s no separating clutch 14, that 1s, 1n which the
internal combustion engine 1 1s coupled without a clutch to
the second input shaft 7 of the second subtransmission 5. In
this case, the electric machine 1 can use only the gears of the
first subtransmission 4 for purely electric travel with the
internal combustion engine 1 switched off. In this case, the
internal combustion engine 1 i1s decoupled from the trans-
mission output shaft 15 via a disengaged second shiit
clement 13, by a second subtransmission 5 1n the neutral
position. In the variant of FIG. 2, the second subtransmission
5 can be synchronized either by speed-regulation at the
internal combustion engine 1 or by electrodynamic power
shifting using the planetary gear set 8, which acts as a
superposition transmission in the shift position A.

In the example embodiment of FIG. 2, a purely internal
combustion engine driven startup 1s not possible using the
internal combustion engine 1 without the electric machine 2
also rotating. Also under certain circumstances 1t might not
be possible to disengage the drive train under load, for
example during complete braking.

In the variant of FIG. 2, an additional starter device can
be present, because 1t may not be possible to tow-start the
internal combustion engine 1 using the electric machine 2.

FIG. 3 shows a vaniant of the invention in which, 1n
contrast to the example embodiment of FIG. 1, the second
shift element 13 1s integrated into a gear set of the trans-
mission 3. This integration of the second shift element 13
into a gear set of the transmission 3 1s advantageous, because
in this case the second shift element 13 1s accessible from
outside without a rotary feedthrough. In the variants of
FIGS. 1 and 2, a rotary feedthrough 1s required for actuating
the second shift element 13.

In the variant of FIG. 4, which substantially corresponds
to the variant of FIG. 2, the second shift element 13,
consistent with the variant of FIG. 3, 1s also integrated into
a gear set of the transmission 3. The varnant of FIG. 4
accordingly corresponds to the variant of FIG. 3 without a
separating clutch 14.

A further variant of the invention i1s shown in FIG. 5,
wherein the connection of the planetary gear set 8 differs in
the varnant of FIG. §.

Thus, 1n the variant of FIG. 5, the first element of the
planetary gear set 8 which 1s 1n a fixed connection to the first
transmission mnput shait 6 of the first subtransmission 4, 1s
the carrier 9 of the planetary gear set 8. In FIG. 5, the second
clement of the planetary gear set that 1s 1n fixed connection
to the electric machine 2 is the ning gear 11. In the variant
of FIG. §, the third element, which depending on the shiit
position of the first shift element 12, 1s connected in the shift
position A thereot to the second transmission mput shait 7
and 1 the shift position B thereof 1s in fixed connection to
the housing, 1s the sun gear 10.

The variant of FIG. § 1s particularly advantageous when
the drive train has an electric machine 2 which can provide
high torque, 1n which drive train the internal combustion
engine 1 however 1s low-torque.

In the variant of FIG. 5, the second shift element 13 1is
positioned outside of the transmission 3.

In FIG. 6, which corresponds to the variant of FIG. 5 with
respect to the connection of the planetary gear set 8, the
second shift element 13 1s again integrated into the trans-
mission 3.

Further, 1n the varnants of FIGS. 5 and 6 the separating
clutch 14 can be omuitted.
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Furthermore, although 1t 1s not shown, another connection
ol the planetary gear set 8 1s also conceivable. In particular
when the planetary gear set 8 1s designed as a so-called plus
gear set, the electric machine 2 can be 1n a fixed coupling to
the sun gear of the planetary gear set, and the {first trans-
mission input shait 6 can be 1n a fixed coupling to the ring
gear 10 of the planetary gear set, the carrier of the planetary
gear set 1s then coupled, depending on the shift position of
the first shift element 12, either to the second transmission
input shaft or fixed to the housing.

In all example embodiments of FIG. 1 to 6, the first shift
clement 12 and the second shift element 13 are each
designed as a form-locking dog clutch. In contrast, FIG. 7
shows a variant of the invention 1n which the second shift
clement 13 1s designed as a Irictionally engaging clutch.
Here, the variant of FIG. 7 corresponds substantially to the
variant of FIG. 2. Also in the variants of FIGS. 1 and 3 to
6, the frictionally engaging clutch shown in FIG. 7 can be
used as a second shiit element 13.

The preferred methods are described 1n the following. A
first method for operating a drive train shown in FIG. 1 to
7 or a device, which as a component of the drive train serves
to connect the internal combustion engine 1, the electric
machine 2 and the transmission 3, relates to the shifting of
the first shuft element 12 from the first shift position A 1nto
the second shift position B. According to this method, when
the second shiit element 13 1s engaged and a gear 1s engaged
in the first subtransmission 4, or when the second shiit
clement 13 1s disengaged and a gear 1s engaged 1n the second
subtransmission 3, for shifting the first shift element 12 from
the first shift position A i1nto the second shift position B,
mitially the load 1s reduced at the electric machine 2,
preferably the load 1s completely removed from the electric
machine 2. The load previously supplied by the electric
machine 2 can be completely or partially transterred to the
internal combustion engine 1. Then, the first shift position A
can be disengaged load-free at the first shift element 12,
wherein then the second shift position B 1s engaged load-
free, possibly after synchronizing the first shift element 12
with respect to the second shift position B using speed-
regulation of the electric machine 2. When the second shiit
clement 13 1s engaged, the second shift position B 1s already
synchronous and a tooth-on-tooth position can be resolved
by changing the rotational speed of the electric machine 2.
When the second shift element 13 1s disengaged, synchro-
nization occurs using the electric machine 2. With load-free
shifting of the first shift element 12 from the first shift
position A into the shift position B, the internal combustion
engine 1 supports output torque at the transmission output
shaft 15, specifically either with an engaged second shift
element 13 via the first subtransmission 4, or with a disen-
gaged second shift element 13 via the second subtransmis-
s10n 3.

A second method according to the invention, relates to
shifting the shift element 12 from the second shift position
B 1nto the first shift position A, namely when the second shiit
clement 13 1s engaged and a gear 1s engaged in the first
subtransmission 4, or when the second shift element 13 1s
disengaged and a gear 1s engaged 1n the second subtrans-
mission 5. In this case, for shifting the first shift element 12
from the second shift position B into the first shift position
A, mmtially the electric machine 2 1s preferably made com-
pletely load-free, and the load thereof 1s at least partially
transierred to the internal combustion engine 1. Then, the
shift position B can be disengaged load-free, and next, the
first shift position A can be engaged load-1iree, possibly after
synchronizing the first shift element 12 with respect to the
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first shitt position A using speed regulation of the electric
machine 2. Here, the internal combustion engine 1 supports
the output torque of the transmission output shait 15 of the
transmission 3 either with an engaged second shiit element
13 via the first subtransmission 4, or with a disengaged
second shift element 13 via the second subtransmission 3.

Further methods according to the invention, relate to a
drive train 1n which the second shift element 13 1s designed
as a Irictionally engaging shift element 13 that can be
operated with slip (see FIG. 7); namely these methods relate
to shifting the first shift element 12 from the first shift
position A ito the second shift position B, and vice versa,
from the second shiit position B 1n to the first shiit position
A.

Shifting of the first shift element 12 from shift position B
into shift position A without interruption of tractive force
with the Irictionally engaging, second shift element 13
mitially disengaged occurs for example 1n the case of
transitioning ifrom purely electric creeping 1n shift position
B into electrodynamic creeping in shiit position A. This
shifting can be necessary, for example, if creeping purely
clectrically using an electric machine 2 operated as a motor
occurs for a long time and an electric energy store 1is
discharged. In this case, a shift must be made to electrody-
namic creeping in shift position A in order to more strongly
charge the electric energy store during electrodynamic
creeping with the electric machine 2 operating as a genera-
tor.

In the 1nitial state of the method the shift element 12 1s in
the engaged shift position B, the second shift element 13 1s
disengaged, the internal combustion engine 1 1s running, a
gear 1s engaged 1n the first subtransmission 4, and the second
subtransmission 5 1s in neutral. Starting from this initial
state, first, load 1s transferred from the electric machine 2 to
the second shift element 13 in that the second shift element
13 1s at least partially engaged, and 1n particular 1s operated
with slip at low travel speeds, wherein the internal combus-
tion engine 1 preferably completely takes over the torque
provided by the electric machine 2. Accordingly, there 1s a
complete reduction of load, or reduction of torque, at the
clectric machine 2, wherein subsequently the second shift
clement B can be disengaged load-iree. After that, the first
shift element 12 1s synchronized with respect to shift posi-
tion A using a speed-regulated electric machine 2 such that
the shift element 12 takes on the current speed of the internal
combustion engine 1 with respect to the shift position A,
wherein subsequently the shift position A can be engaged
load-1ree at the first shift element 12. Then, load builds up
at the electric machine 2 so that the second shift element 13
becomes load-free. Here, the electric machine 2 supports the
torque provided by the internal combustion engine 1 such
that torque 1s no longer conducted via the second shift
clement 13. The internal combustion engine torque of the
internal combustion engine 1 1s preferably reduced here so
that the transmission mput torque 1s not increased. In the
process the planetary gear set 8 acts with a transmission
rat10, the shift element 13 without a transmission ratio. Then,
the shift element 13 can be disengaged, and EDS operation
can occur.

A reverse transier of the first shift element 12 from shaiit
position A 1nto the shift position B without mterruption of
tractive force with the frictionally engaging second shiit
clement 13 mitially disengaged can for example be per-
formed in the event of a transition from electrodynamic
creeping 1nto electric creeping, wherein this occurs particu-
larly when creeping electrodynamiclly with the electric
machine 2 operated as a generator occurred for a long
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period, and the electric energy store was too strongly
charged. In this case, a transier into purely electric creeping
with the electric machine 2 operated as a motor can occur in
order to discharge the electric energy store more strongly.
In the 1mitial state of this method, accordingly the first
shift element 12 1s engaged 1n shift position A, the second
shift element 13 1s disengaged, the internal combustion
engine 1 1s running, a gear 1s engaged 1n the first subtrans-
mission 4, and the second subtransmission 5 1s 1n neutral.
Next, load 1s transferred from the electric machine 2 to the
internal combustion engine 1 via a second shift element 13
operating with slip at low travel speeds. Preferably there 1s
a complete load reduction at the electric machine 2 so that
the shitt element 12 becomes load-free with respect to shiit
position A, so that shift position A can be disengaged
load-free. Then, the shift element 12 1s synchronized with
respect to shiit position B via the electric machine 2 pret-
crably operating speed-regulated, wherein then the shait
position B can be engaged load-free at the first shift element
12. Then load 1s preferably transferred from the internal
combustion engine 1 to the electric machine 2, namely 1n
that load 1s increased at the electric machine 2 and load 1s
reduced at the internal combustion engine 1. The second
shift element 13 becomes load-iree due to the load reduction
at the internal combustion engine 1. Then, the second shift
clement 13 1s disengaged. Next, electric creeping can occur
using the electric machine 2 operating as a motor, via a gear
of the first subtransmission 4. The internal combustion
engine 1 1s decoupled because the shift position A 1s disen-
gaged, and the second shift element 13 1s disengaged and the
second subtransmission 3 1s engaged 1n neutral. The internal
combustion engine 1 can be run 1dle or can be switched off.
A further method according to the invention, relates to
shifting the first shift element 12 from the first shift position
A 1nto the second shift position B in creep operation of the
drive train under load with the separating clutch 14 slipping
intermittently. Creep mode here means that the travel speed
of the drive train 1s so low that with an engaged separating
clutch 14, the electrodynamic operation in the shift position
A of the second shift element 14 cannot be bypassed,
because otherwise the speed of the internal combustion
engine 1 would be too low. An intermittently slipping
separating clutch 14 can counteract this. Without the sepa-
rating clutch 14, this shifting procedure at the shiit element
12 can only occur with an interruption of tractive force.
The mitial state for this method for shifting the shaift
clement 12 from shift position A into the shift position B 1n
creep operation under load with a separating clutch 14
slipping intermittently provides that the shift element 12 1s
engaged in position A, that the separating clutch 14 1is
engaged, that a gear 1s engaged 1n subtransmission 4, that the
second subtransmission 5 i1s in neutral, and that the second
shift element 13 1s disengaged. Starting from this initial
situation of the drive train, imtially the separating clutch 14
1s transierred into a slipping state by lowering the transfer
capability thereof. Then, the rotational speed of the second
transmission input shaft 7 1s lowered to the rotational speed
of the first transmission nput shaft 6 such that the planetary
gear set 8 can be 1n block rotation as a whole. The speed
regulation required for this purpose can occur using regu-
lation of the torque of the electric machine 2 as well as the
torque transierred by the separating clutch 14. Next, the
second shift element 13 1s engaged or alternatively a gear 1s
engaged 1n the second subtransmission 3. In order to engage
a gear 1n the second subtransmission 5 the speed of the
second transmission mmput shaft 7 must be synchronized to
the gear in the second subtransmission 3, thus the planetary




US 9,597,952 B2

11

gear set 8 must abandon block rotation as a whole. After the
second shiit element 13 has been engaged, or a gear has been
engaged 1n the second subtransmission 3, the load can be
reduced at the electric machine 2. Subsequently, the load 1s
adjusted at the internal combustion engine 1 and at the
separating clutch 14 in order to guarantee an approximately
constant drive torque at the transmission output shatt 15. In
the process, the torque of the mternal combustion engine 1
and the torque transierred by the separating clutch 14 are
preferably increased, because the transmission ratio of the
planetary gear set 8 1s no longer effective. However, 1f the
separating clutch 14 were loaded too strongly, the torque of
the internal combustion engine 1 1s not increased, and
instead a reduction of the tractive force at the transmission
output shaft 15 1s accepted. As soon as the electric machine
2 15 load-free, shift position A can be disengaged load-iree
at shift element 12, the shift element 12 1s synchromized with
respect to shift position B by a speed regulation of electric
machine 2, and then shift position B 1s engaged. When the
second shift element 13 1s engaged, the second shift position
B 1s already synchronous, and a possibly present tooth-on-
tooth position can be resolved by changing the speed of the
clectric machine 2.

Next, the electric machine 2 takes over the drive torque 1n
that load builds up at the electric machine 2. Then, the load
at the internal combustion engine 1 1s reduced. The shiit
clement 13 can then be disengaged again, or the gear 1n the
second subtransmission S can be disengaged. The separating
clutch 14 can be disengaged or engaged. The internal
combustion engine 1 supports the output torque either via
the second subtransmission 5 with a disengaged shiit ele-
ment 13 or via the subtransmission 4 with an engaged shift
element 13, while the shift element 12 1s shifted load-free
between shift position A and shift position B. In the process,
the separating clutch 14 1s slipping at least intermittently.

A further method according to the invention, relates to
shifting the first shift element 12 from the second shift
position B into shift position A 1n creep mode of the drive
train under load with the separating clutch 14 slipping
intermittently, wherein creep mode here 1s understood to be
a situation of the drive train 1n which the travel speed thereof
1s so low that the internal combustion engine 1 cannot drive
in a fixed gear, because otherwise the speed of the internal
combustion engine would be too low. This situation can be
counteracted by an itermittently slipping separating clutch
14. In the case that there 1s no separating clutch 14, the
shifting cannot occur without an interruption of tractive
force. This shifting can be necessary when the electric
energy store becomes too empty during purely electric
creeping and a switch into electrodynamic creeping must
OCCUL.

The 1nitial situation of the drive train in purely electric
creeping 1s as follows, namely that the shift element 12 1s
engaged 1n shift position B, the separating clutch 14 1is
disengaged or engaged, a gear 1s engaged in the first
subtransmission 4, the second subtransmission 5 1s 1n neu-
tral, and the second shift element 13 1s disengaged. In the
method according to the invention, initially with the sepa-
rating clutch 14 engaged beforehand, the separating clutch 1s
disengaged, or with the separating clutch 14 disengaged
beforehand, the separating clutch 1s kept disengaged, then
the second shift element 13 1s engaged or alternatively a gear
1s engaged 1n the second subtransmission 5.

The synchronmization of the second transmission input
shaft of the second subtransmission that 1s necessary for
engaging a gear, 1s performed either with a disengaged
separating clutch 14 by synchronization in the gear set of the
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transmission, or via the internal combustion engine 1 by
partially engaging the separating clutch 14. After engaging
the second shiit element 13 or engaging a gear 1n the second
subtransmission 3, drive torque 1s transierred to the internal
combustion engine 1 via the separating clutch 14 operated
with slip, for which purpose the transier capability of the
separating clutch 14 1s correspondingly increased. Load 1s
reduced at the electric machine 2 simultaneously to the load
increase at the internal combustion engine 1, wherein then
the shiit element 12 can be disengaged load-iree from shiit
position B. Subsequently, the shift element 12 1s synchro-
nized with respect to shift position A by means of the
speed-regulated electric machine 2, and shiit position A can
be engaged load-iree. The electric machine 2 then supports
so much torque that the drnive torque from the internal
combustion engine 1 1s conducted via the separating clutch
14 and via the planetary gear set 8, and the second shift
clement 13 or the gear engaged 1n the second subtransmis-
s1on 5 no longer transiers any load. During the reduction of
load at the electric machine 2, the torque of the internal
combustion engine 1 or the separating clutch 14 1s adapted
so that the drnive torque acting at the transmission output
shaft 15 remains approximately constant. The torque of the
internal combustion engine 1 or the separating clutch 14 can
be reduced, because the transmission ratio of the planetary
gear set 8 1s no longer eflective. Subsequently, either the
load-free shift element 13 i1s disengaged, or a gear 1is
disengaged load-iree 1n the second subtransmission 3. Then,
the separating clutch 14 can be engaged when the speed of
the second 1nput shaft 7 of the second subtransmission 3 1s
synchronized to the speed of the internal combustion engine
1, thus when the separating clutch 14 1s synchronized. This
synchronization occurs by regulating the torque provided by
the electric machine 2 and transierred by the separating
clutch 14. When the separating clutch 14 is engaged, the
desired shifting procedure 1s completed, and 1n shiit position
A creep operation can be provided electrodynamically with
the electric machine 2 operated as a generator.

FIG. 8 shows a diagram of a drive train according to the
invention of a hybrid vehicle with a device according to the
invention according to a second aspect of the invention.

The second aspect of the mvention differs from the first
aspect of the invention by the connection of the transmission
input shafts 6 and 7 as well as the electric machine 2 to the
clements 9, 10 and 11 of the planetary gear set 8. Thus, 1n
the example embodiment of FIG. 8, a first element of the
clements of the planetary gear set 8, namely in FIG. 8 the
carrier 9, 1s 1n a fixed connection to the first transmission
input shaft 6 of the first subtransmission 4 of the transmis-
sion 3. A second element of the elements of the planetary
gear set 8, in FIG. 8 the ring gear 11 1s 1n a fixed connection
to the second transmission mput shait 7 of the second
subtransmission 5 of the transmission 3, wherein the internal
combustion engine 1 of the hybrid drive can be coupled to
the second transmission input shait 7. In FIG. 8, the optional
separating clutch 14 is present.

Again 1n FIG. 8, there are two shiit elements 12 and 13,
wherein the electric machine 2 1s coupled via the first shift
clement 12 1n a first shift position A thereof to a third
clement of the elements of the planetary gear set 8, namely
in FIG. 8 to the sun gear 10. In a second shift position B of
the first shift element 12, the electric machine 2 1s coupled
to the first transmission 1mput shait 6 of the first subtrans-
mission 4, so that the planetary gear set 8 runs along 1dle, or
without torque. In the first shift position A, the planetary
gear set 8 1s again used as a superposition transmission in an
EDS operating mode. In the second shift position B, an ISG
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operating mode 1s provided, wherein however 1n contrast to
the example embodiments of FIG. 1 to 7 of the first aspect
of the imvention, in the second aspect of the invention
according to FIG. 8 the planetary gear set runs 1dle and thus
does not transfer any torque.

In FIG. 8, the electric machine 2 can be shifted via the
shift element 12 between the sun gear 10 of the planetary
gear set 8 and the first transmission mput shatt 6 of the first
subtransmission 4, wherein the first transmission input shaft
6 of the first subtransmission 4 1s 1n a fixed coupling to the
carrier 9, and the second transmission 1mput shait 7 of the
second subtransmission 5 1s 1n a fixed coupling to the ring
gear 11 of the planetary gear set 8.

The connection of the two transmission input shaits 6 and
7 as well as the electric machine 2 to the planetary gear set
8 can difler from FIG. 8, 1n that the electric machine 1s
positioned so as to be switchable between the ring gear and
the first transmission mput shatt of the first subtransmission,
that the first transmission input shait 1s 1 fixed engagement
with the carrier, and that the second transmission input shaft
1s 1n fixed engagement with the sun gear of the planetary
gear set.

In contrast to the variant of FIG. 8, a plus planetary gear
set can also be used, wherein then preferably the transmis-
sion iput shaft of the first subtransmission 1s 1 fixed
connection to the ring gear, the transmission input shait of
the second subtransmission 1s in fixed connection to the
carrier, and the electric machine can be switched between
the sun gear and the {irst transmission nput shait of the first
subtransmission.

The methods according to the mvention described in the
context of the first aspect of the present invention for the
example embodiments of FIG. 1 to 7 can also be used for the
variant of FIG. 8 of the second aspect of the mmvention. With
respect to the methods according to the mvention, for the
second aspect of the present invention, reference 1s made to
the embodiments above for the first aspect of the invention
and to the details of the second shift element 13. Further-
more, the variants with respect to the second shift element
13, as shown 1n FIG. 1 to 7, can also be used with the second
aspect of the invention.

REFERENCE CHARACTERS

1 mnternal combustion engine

2 electric machine

3 transmission

4 first subtransmission

5 second subtransmission

6 first transmission mmput shaft

7 second transmission mput shait
8 planetary gear set

9 carrier
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10 sun gear

11 ring gear

12 first shift element

13 second shift element

14 separating clutch

15 transmission output shaift

The mnvention claimed 1s:

1. A device, for a drive train of a hybrid vehicle, com-
prising;:

a planetary gear set (8) comprising a carrier (9), a sun gear
(10) and a ring gear (11), a first element (9, 10 or 11)
of the planetary gear set serving for establishing a fixed
connection to a first transmission mnput shaft (6) of a
first subtransrnission (4) of a transmission (3), and a
second element (9, 10 or 11) of the planetary gear set
serving for establishing a fixed connection to a second
transmission input shatt (7) of a second subtransmis-
sion (5) of the transmission (3), to which further an
internal combustion engine (1) of a hybrid drive being
connectable,

an electric machine (2) of the hybnd drive being connect-
able, via a first shift position (A) of a first shift element
(12), to a third element (9, 10 or 11) of the planetary
gear set, and, via a second shiit position (B) of the first
shift element (12), being connectable to the first trans-
mission mput shaft (6) of the first subtransmission (4),
and

a second shift element (13), and when the second shift
clement (13) 1s engaged, both the first and the second
transmission input shaits (6, 7) of the first and the
second subtransmissions (4, 5) being coupled together,
and when the second shift element (13) 1s disengaged.,
both of the first and the second transmission input
shafts (6, 7) of the first and the second subtransmissions
(4, 5) being separated from one another.

2. The device according to claim 1, wherein the planetary
gear set (8), 1 the first shift position (A) of the first shait
clement (12) 1n a first operating mode, serves as a superpo-
sition transmission and, 1n the second shift position (B) 1n a
second operating mode, either runs idle or without torque.

3. The device according to claim 1, wherein 1n a third,
disengaged shiit position of the first shift element (12), the
third element of the planetary gear set (8) 1s freely rotatable.

4. The device according to claim 1, wherein with the
second shift element (13) engaged, the first element of the
planetary gear set (8) 1s fixedly coupled to both the first and
the second transmission input shafts (6, 7) of the first and the
second subtransmissions (4, 5), where 1n contrast with the
second shiit element (13) disengaged, the first element of the
planetary gear set (8) 1s fixed coupled only to the first
transmission input shatt (6) of the first subtransmission (4).
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